To understand the characteristics and seasonal changes in flowing artesian wells in the Kurobe River alluvial fan (KRAF), the discharge, water quality, and isotope ratio of 23 flowing wells were observed for 18 months from March 2011. This paper newly reports the monthly discharge and water quality of these flowing wells. Variation in water flow at 10-minute intervals is also presented. All wells exhibited the same seasonal changes, and no spatial difference in water quality was found. Analysis of isotope ratios indicated that three wells located on the left bank of the KRAF were recharged from difference sources than the other wells that were recharged by the Kurobe River. Comparison with previous water quality measurements taken 10 to 20 years ago showed that the water quality had not changed. However, further research is needed to clarify long-term trends of the flowing water discharges.
INTRODUCTION
Aquifers store large amounts of water and supply water to many urban and agricultural areas worldwide. Approximately 25% of the world's population relies on groundwater for drinking water 1) , with values of 32% in the Asia Pacific region. Furthermore, groundwater accounts for 69% of irrigation water in Bangladesh, 53% in India, 50% in Iran, and 34% in Pakistan 1) . However, as urban areas and populations have expanded, so too has excessive pumping of groundwater, leading to problems of salinization of groundwater and ground subsidence 1) . A recent study also found that groundwater extraction is a significant cause of increasing sea water levels 2) . That study showed that unsustainable groundwater use, artificial reservoir water impoundment, climate-driven changes in terrestrial water storage, and the loss of water from closed basins have contributed to about 42% of the total observed sea-level rise.
Artesian aquifers are confined between impermeable rocks or clay, a situation under which positive pressure can be generated. When wells are drilled into artesian aquifers, this positive pressure causes the water level to rise in the well to the point where hydrostatic equilibrium is reached. The recharging of aquifers occurs when the water table at its recharge zone is at a higher elevation than the head of the well.
One of the best-known artesian aquifers is in the former province of Artois in northwest France, from which the word "artesian" derives 3) . One of largest artesian aquifers in Japan is the Oogaki artesian aquifer in the Nobi Plain, Gifu Prefecture. The Oogaki artesian aquifer is located in a floodplain formed by the Kiso, Nagara, and Ibi rivers, an area rich in groundwater.
The Kurobe River alluvial fan (KRAF) is also an important source of groundwater in central Japan. Many studies have examined groundwater in the KRAF, focusing on such subjects as the distribution of the groundwater stage 4) , the short-term characteristics of water quality and discharge 6), 7) , and interactions between groundwater and river discharge 5), 6), 7) . In addition, the physical processes and mechanisms of flowing wells have also been extensively studied 8) , as have changes in groundwater level 9) and temperature 10) . However, the spatial characteristics, seasonal trends, and discharge patterns of flowing wells across the whole KRAF have not been studied. Clarifying these characteristics is important, particularly because decreasing groundwater levels have been reported in the KRAF over the past 20 years 11) . This paper reports detailed distribution characteristics and seasonal changes in the discharge and water quality of flowing wells, based on field observations in the KRAF. Fig. 1 shows the location of the Kurobe River basin in Toyama Prefecture, central Japan. The 85-km-long river originates at an altitude of 2924 m in the northern Alps of Japan and flows into the Japan Sea. The catchment of the Kurobe River basin covers 682 km 2 . Approximately 99% of the land in the basin is forest or mountains and the other 1% is paddies, dry fields, and residential areas. An alluvial fan extends downstream. The river slope ranges from 1/5 to 1/80 in mountainous areas and from 1/80 to 1/120 in the middle-and downstream areas. Geologically, the basin is ancient granodiorite formed from the Paleozoic to the Mesozoic and young granodiorite from the Neogene. The basin from the top of the fan to the river mouth is a sandy gravel layer formed in the Holocene. 
KUROBE RIVER ALLUVIAL FAN (KRAF)

METHODOLOGY
Groundwater has been monitored by the national and local governments at 19 stations in the KRAF since 1976, and since ancient times more than 300 flowing wells have been used in the KRAF. Flowing wells are thus important to determining the present condition of groundwater. To clarify the seasonal and long-term trends of flow characteristics in artesian wells in the KRAF, monthly field observations of discharge and water quality at 11 wells commenced in March 2011 12) . Observation wells were gradually increased in number with 23 observation wells in operation by September 2012. This study uses the data collected between March 2011 and August 2012 to report the characteristics of flowing artesian wells in the KRAF. Table 1 lists the observation well stations and the items recorded. Discharge was observed at 15 wells but could not be observed at the other wells 
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because of structural problems. Field pH and electrical conductivity (EC) were recorded for all 23 wells, and 500 ml water samples were collected for isotope analysis and water quality measurements in the laboratory. Flowing discharge was observed by measuring the fill times of regulation buckets (measured three times on average) at four wells on the left bank and ten wells on the right bank of the Kurobe River. At the Koshino well (No. 23) an automatic observation system was installed and measured flowing discharge every 10 minutes.
Measurements 
RESULTS
(1) Flowing discharge Fig. 3 shows the change in monthly discharge from flowing wells in the KRAF. In general, flowing discharges were small from January to March because of pumping for snow removal and were large from May to June because of irrigation and flooding of rice paddies. The Hebisawa well (No. 6) had much larger flowing discharges than other wells, with a recorded maximum discharge of 360 L/min, probably because the well was influenced by a former large-scale channel of the Kurobe River. A massive amount of groundwater has been flowing in this particular area since ancient times.
Large amounts of pumped groundwater are used to remove snow in the KRAF area, which receives very heavy snowfalls. Fig. 4 shows time series of daily mean groundwater levels at the Kanaya and Mikkaichi observation stations (measured by Toyama Prefecture) and flowing discharge in the Koshino well (No. 23), together with air temperature and snowfall data for Uozu (measured by the Automated Meteorological Data Acquisition System, AMeDAS) from 14 to 31 December 2011. During this study, the KRAF experienced heavy snowfall from 24 to 27 December 2011. Groundwater levels and discharges from the flowing wells, which had been rapidly declining during the snowfall, returned to normal after the snowfall. One reason for this is that, with the removal of the snow, groundwater is drawn up when the air temperature is under approximately 2°C. This phenomenon is common in the winter season in the KRAF, particularly in urban areas, where intensive snow removal occurs.
(2) Water quality and isotopes
Fig . 5 shows the changes in monthly water temperature of the flowing wells and the river, alongside air temperature in the KRAF. The temperatures of the air and river water changed seasonally. However, groundwater temperatures remained virtually constant level throughout the year. The average water temperature was 16.9°C in the Oshima wells (Nos. 2, 3) located on the left bank of the KRAF and 11.8°C in the other wells. Fig. 6 shows the changes in monthly pH of the flowing wells in the KRAF. All the flowing wells had almost identical trends in monthly pH changes, and the average pH value was almost neutral (7.4) throughout the year. Fig. 7 shows the changes in monthly EC of the The EC at well No. 19 along the Kurobe River was high in winter, and concentrations of sodium, calcium, and carbonate ions increased as the river discharge decreased during the dry season. For instance, Na + concentrations were 5.0 mg/l in winter and 2.8 mg/l in the dry season. Ca 2+ concentrations were 10.7 mg/l in winter and 8.7 mg/l in the dry season. HCO 3 levels were 26.6 mg/l in winter and 20.9 mg/l in the dry season. The result of hydrogen and oxygen isotope ratio analyses for January and October indicated that δ 18 O only varied from -11.3 to -11.5‰ and no seasonal change was apparent. This result for δ 18 O was about 1‰ heavier than the value of -12.6±0.6 measured by Mizutani et al. (2001) 13) . It can be expected that isotope ratios in the Kurobe River do have a seasonal variation because the main source of river water is rainfall or snowfall in neighboring mountainous areas. Assuming that seasonal variation does occur, and considering that the Kurobe River is short in length and the evaporation rate is small because the fast flow velocity, δ
18
O is thought to be about -12‰ in the other 10 months of the year.
The quality of flowing water surrounding the Kurobe River remained constant even when discharge decreased in winter. All the wells except Nos. 2, 3, and 15 had groundwater of the Ca-HCO 3 type. The Na-Cl groundwater type was found at wells 2, 3, and 15. Calcium and carbonate ion concentrations tended to increase with distance downstream in the Kurobe River. Carbon dioxide was assumed to have been generated from vegetation in the river and organic decomposition, becoming carbonic acid, which then dissolved limestone. The concentration of soluble silicate, which is an index of the residence time of groundwater, also showed an increasing trend with distance downstream in the Kurobe River. The δ 18 O of groundwater near the Kurobe River was about -12‰, and the δ 18 O of water near the outlet of the Kurobe River was about -11‰. Light isotope ratios were observed near the Kurobe River, where river water recharged the groundwater. Heavy isotope ratios attributable to rainfall were observed in river water (the δ 18 O of rainfall in the Toyama region was about -8 to -9‰). In this study, the δ 18 O of river water was -11‰ and that of groundwater near the river was -12‰, with the difference reflecting the time lag between rainfall reaching the groundwater. Therefore the d value (d = δD-8δ
18 O) estimated from the hydrogen and oxygen isotope ratio had different values in summer (10‰) and winter (30‰) and the recharge time of groundwater could be projected. Fig. 9 shows the relationship between the δ 18 O and δD of flowing wells and Kurobe River water. The two colored lines in the figure indicate rainwater in summer and winter. The Kurobe River and its surrounding groundwater plot to the lower left, whereas wells 1, 2, and 3 are at the upper right of the figure indicating a difference in the recharge source. The d value of groundwater ranged between 17 and 22‰, which is located between the colored lines for summer rainfall and winter snowfall, indicating that groundwater was recharged throughout the year in the KRAF. The d value of river water is located in the same area (18‰), suggesting that it is also not influenced by the seasonal variation. However, the d value of some wells near the river was -12‰ δ 18 O; thus it is possible that the river also had a δ 18 O value of -12‰ in periods not observed during this study.
Discharge at the Oritate well (No. 1) was not constant and was different from that at the other wells. The discharge increased and/or decreased independently of rainfall or dry conditions the day before the observation, indicating that the discharge could be affected by rainfall. The δ 18 O ranged from -9.1 to -9.3‰, also exhibiting a different pattern from the other wells (not including Nos. 2, 3). In addition, the δ 18 O at No. 1 well was different from that of the Kurobe River water, suggesting that the well was not recharged from the river. A study of isotope ratios in the Kurobe, Ogawa, and Funakawa rivers, located near the KRAF, found different isotope ratios in each river 13) . The differences were attributed to an effect of altitude, with the isotope ratio during rainfall being lighter in high altitude areas than in low altitude areas. The δ 18 O of -9.0‰ in that study, which was estimated by the relationship between the average altitude of the catchment and the isotope ratio, coincided approximately with the present results. Therefore, it was considered that the Oritate well (No. 1) showed a similar influence of altitude on rainfall isotope ratios.
Wells No. 2 and No. 3 were located near one another, but the chloride ion concentration at well No. 2 was approximately 200 mg/l whereas that at well No. 3 was about 300 mg/l, suggesting a different pattern between the two wells. These wells had strainers installed 125 to 133 m from the ground surface, meaning that they record deep groundwater in the KRAF. The soluble silicate in the two wells was approximately 30 mg/l, which was two to three times higher than the range of 10-15 mg/l in the other wells. In addition, the δ 18 O was heavy with values from -9.3 to -9.6‰, less reflecting the influence of the Kurobe River.
CONCLUSIONS
This paper newly reports the monthly discharge and water quality of flowing wells in the KRAF. Discharge flow was observed at 10-minute intervals to clarify the variability. Moreover, seasonal changes and spatial characteristics of discharge were 
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clarified for the whole study area.
The analyses showed no spatial differences in water quality, in agreement with previous research 6) . Furthermore, fundamental water quality variables had not changed substantially from values reported in 1989 6), 7) . Isotope ratio analysis indicated that wells 1, 2, and 3 had difference sources of recharge than the other wells that were recharged by the Kurobe River. This pattern also agrees with results published 10 years ago 13) . Spatial characteristics also had the same patterns as previously reported 13) . Finally, as mentioned above, although there are many published reports of water quality in flowing wells in the KRAF, few studies have examined water discharge. To accurately estimate the groundwater conditions in the KRAF, continued, long-term monitoring of water flow in wells is needed.
